ACUTE MYOCARDIAL INFARCTION usually occurs as a discrete event caused by sudden occlusion of a single coronary artery. ' Although the occlusion often occurs at the site of a severe atherosclerotic lesion, many patients with acute myocardial infarction have coronary stenoses of equal or greater severity in other coronary vessels that have not occluded.2 Methods for predicting the occurrence of myocardial infarction have focused primarily on the anatomic distribution of atherosclerotic coronary lesions and, to a lesser extent, on the degree of coronary luminal compromise produced by each lesion. In individual patients, however, the distribution and overall extent of coronary artery disease are only weak predictors of subsequent myocardial infarction and death.3'4 Hence, efforts to predict the likelihood that a single coronary lesion will eventuate in myocardial infarction have been generally unsuccessful. 5 This inability to predict the occurrence CIRCULATION of total occlusion of an individual coronary lesion has hampered our assessment of infarct prevention strategies.
We hypothesized that coronary lesions associated with acute myocardial infarction would be morphologically different from lesions associated with stable angina pectoris. Pathologic studies of coronary stenoses associated with sudden death or myocardial infarction have demonstrated that atherosclerotic plaque disruption (fissuring or hemorrhage) is present in up to 100% of recently thrombosed lesions. 6 Since the angiographic appearance of coronary lesions should reflect their anatomic structure, we postulated that a detailed quantitative evaluation of coronary stenoses associated with these syndromes might reflect underlying disruption of atherosclerotic plaque. The use of thrombolytic therapy for acute infarction has now provided a patient population in whom detailed angiographic evaluation of the morphology of coronary lesions associated with recent acute infarction is now possible. Since patients with the abrupt onset of very unstable angina are known to have a high incidence of rapid progression to myocardial infarction, we also postulated that coronary lesions associated with unstable angina might have a similar morphology to those associated with acute infarction. Recent studies by Falk,7 in which an 80% incidence of atherosclerotic plaque disruption in patients with unstable angina was found have pioneered this concept.
Angiographic features of atherosclerotic plaque disruption have been qualitatively described. Autopsy specimens of coronary arteries with atherosclerotic plaque disruption have a "complicated" angiographic appearance characterized by irregular arterial borders and intraluminal filling defects.' Similar In patients with recent myocardial infarction, we traced the coronary stenosis that had been the site of prior occlusion (the "infarct related" lesion) and, in addition, any other stenosis in a major coronary vessel that appeared to have more than 50% luminal diameter stenosis (the "noninfarct related" lesion). In patients with unstable angina and single-vessel disease, we traced the only significant coronary lesion. In patients with chronic stable angina the most severe coronary stenosis in any major coronary vessel was analyzed.
Each lesion was outlined, digitized, and computer corrected for radiographic pincushion and magnification distortion. An arterial centerline was computer determined. Twenty to forty serial arterial diameters were measured from the onset of luminal narrowing to the end of the lesion. The minimum crosssectional area, maximal percent area stenosis, and length of each lesion were then calculated by averaging values obtained from each portion of the cardiac cycle. The length of each lesion was measured as the distance between proximal and distal ends of the lesion, beginning and ending with a 10% deviation from the normal vessel area.
To assess the extent of angiographic ulceration, we calculated an "ulceration" index. The ulceration index was defined as the diameter of the least severe narrowing within the lesion (the downward "lip" of the ulcer) divided by the maximum intralesional diameter (presumably the maximal diameter of the "ulcerated" portion of the vessel; figure 1 ). This index of ulceration is inversely related to the extent of angiographic ulceration. We calculated this ulceration index for each coronary lesion in all six angiographic frames analyzed. Since the most severe ulceration may be apparent in only one view, the lowest ulceration index obtained from any of six frames analyzed per patient was used for data analysis. The minimum cross-sectional area of lesions in each group showed the same trends as percent stenosis, but the group differences were not significant ( figure 3 ). This was probably related to variation in the normal size of the vessels studied.
Ulceration index. Figure 4 shows the ulceration index calculated for each lesion studied. In patients with myocardial infarction the mean ulceration index of lesions in the infarct-related vessel was 0.61 ± 0.03 and was significantly less than the ulceration index of lesions in the noninfarct-related vessel (0.90 ± 0.02). Hence, in the same patient, lesions which had caused myocardial infarction could be angiographically separated from the other lesions which were not related to the infarction.
The ulceration index in the infarct-related vessel was nearly identical to that found in lesions associated figure 5 ). The average length of lesions in the infarct-related vessel was 44% longer than the average length of lesions associated with stable angina and 81% longer than lesions in the noninfarct-related vessel. Lesions causing unstable angina tended to be longer than those associated with stable angina, but the difference was not statistically significant.
Discussion
In this study we Levin and Fallon' demonstrated that atherosclerotic plaque disruption could be identified by visual inspection of plane-film postmortem angiograms obtained in coronary vessels dissected free from the heart. In their study, 79% of the lesions angiographically characterized by irregular borders and intraluminal lucencies were found to contain atherosclerotic plaque disruption, whereas only 11 % of lesions with angiographically smooth borders demonstrated these same pathologic findings. had characteristics similar to those of plaque disruption. Our angiographic analysis quantifies these qualitative observations and provides a quantitative basis for assessing the presence of luminal irregularities previously reported in patients with unstable angina.9
The second line of evidence supporting plaque disruption as a cause of this angiographic morphology comes from autopsy studies that have shown a high incidence of plaque disruption in patients with acute myocardial infarction or sudden ischemic cardiac death. Chapman6 studied longitudinal sections of 19 coronary vessels found to be occluded with thrombus at the time of autopsy and found that "in each of 19 cases, a recent thrombus was found adherent to the torn intimal surface of an atherosclerotic plaque." Other investigators, employing careful histologic techniques, have also found a high incidence of plaque disruption in coronary arteries associated with acute infarction. 12 13 Davies and Thomas 14 have additionally reported that 74 of 100 patients suffering sudden ischemic cardiac death had thrombus present in a coronary vessel and that, in 93% of the deaths associated with intracoronary thrombus, atherosclerotic plaque fissuring was evident at the site of thrombus formation. These studies support the concept that myocardial infarction and intracoronary thrombosis are associated with atherosclerotic plaque disruption. Intracoronary thrombus might mask rather than produce the angiographic ulceration we observed. Evidence for this is derived from studies of vessels of patients that have undergone thrombolytic therapy for acute infarction. Immediately after thrombolysis, coronary lesions often appear smooth, presumably because thrombus still coats the inside of the vessel. The minimum cross-sectional area of the totally occluded lesion in patients with acute infarction usually inc reases in the first 10 days after thrombolysis, suggesting that further dissolution of thrombus occurs with time. 15 Figure 6 illustrates how thrombus can reside in and disguise plaque disruption. In this angiogram obtained from a patient with acute infarction (before thrombolysis), the thrombus appears to be attached to the coronary wall (right anterior oblique 45 degree view), but plaque ulceration is not evident. Ten days after thrombolysis, however, the ulceration can be clearly seen at the site the thrombus once occupied. Hence, intraluminal thrombus could, in some patients, 292 occupy a plaque fissure and hide its existence on the coronary angiogram. If the morphology we describe resulted from intraluminal thrombus, then the ulceration index of lesions in infarct-related vessels that had undergone thrombolysis should have been higher than that seen in infarct-related vessels of patients who did not receive thrombolytic therapy. Although the numbers of patients in the latter group was small, the ulceration index of both subgroups was nearly identical. Nonetheless, thrombus within coronary vessels studied after myocardial infarction could produce an irregular luminal outline.
An unexpected finding of this study was that coronary lesions associated with unstable angina as a group produced greater luminal narrowing than lesions that had resulted in thrombosis and infarction. Two factors may account for this difference. First The clinical importance of specific morphologic features of individual coronary lesions has received little attention, in part because quantification of stenosis geometry has been cumbersome. Detailed evaluation of morphology of stenosis with the use of automated quantitative angiography may, however, soon become clinically feasible. Identification and follow-up of the morphology of stenosis associated with unstable angina or infarction should facilitate prospective evaluation of infarct prevention strategies.
